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Since 1998, the Lithium-ion battery has deminated the world of energy 
storage. It replaced the weaker technologies such as Nickel-Cadmium 
and Nickel-metal hydride due to its reliability and higher operating 
voltage. This higher voltage allows the Lithium-ion cell to hold more 
Watt-Hours in the same space. The 18650 (eighteen-six-fifty) is the 
mest prevalent Lithium-ion cell, so it is a good start for many DIY 
projects. 


18650 cells can have a capacity ranging from  Watt-Hours to 
12 Watt-Hours, They are fully charged at .2 volts, and fully 
discharged at 3.6 volts. Their chemistry has diversified and evolved 
over the decades leading to cells that specialize in capacity, 
power, and lengevity. There has also been a steady increase in the 
capacity ef 18650s over time. Most of these operate at the same 
voltage and wont be catastrophic if mixed, however LiFePok cells 
operate at a lower voltage and can not be mixed with other types. 
There are some specialized cells that can operate at 4.35 volts. 


Inside an 18650 is a tightly wound coil of plates, this 
configuration is called a "swiss rell". The roll is housed within a 
durable metal cylinder that greatly increases durability. At the end 
is a cap that allows the cell's electrolyte to vent. Some well- 
designed 18650 caps can act as a fuse in case ef failure. 


19670 or "protected 18650" cells have a small monitoring circuit 
at one end that make the cells more feel-proef, however these cells 
aren't cemmon, 


Hew te test 18650 cells 


Yeu must test the 18650 before you use it due to the risk ef failure 
and even deflegration. Here is a method i have developed over several 
years ef experimentation. 


{L find the "Imax B6" dees a goed job with charging and discharging. 
Seme knock-off Imax units can have pregramming issues that make the 
lithium discharge setting not werk propperly. Try the NiCad discharge 
setting if yeu experience this. I set the NiCad cutoff voltage to 3.0v 
te take inte account the veltage drep, this almost always results 
in the cell settling at 3.6v. 


Start Here 


Remove all tabs connecting 
the cells together so you 
have individual 18650 cells. 


Measure the cell voltage. 
Is it above 1 volt? 


Don't trust 
this cell! 


Still test this cell, 
put save it for small 
projects. Don't trust 


in large battery packs, 


Is it above 2 volts? 


Don't trust 


Charge cell with 2 amps. 
this cell! 


Does it get very hot? 


Let the cell sit 
for a while.Does its voltage 
drop significantly? 


Don't trust | 
this cell! | 


Discharge at 1 amp down to 3.6 
volts with imax b6. Record discharge 
capacity on its side. 


Is the capacity Save this cell for small 


above 1000mah? 


projects, but don't trust 
in large battery packs. 


Use this cell as yeu see fit, 
especialy in large battery packs, 


Cells found between 2v and .2v have the least ameunt ef internal 
damage. 


Building a Battery 


So new we want to run a device off 18650s. Yeu need te know 
what voltage range it needs, and how many amps it will pull. 
I recommend having at least 1 Amp-Heur (1,000 mah) of capacity 
for every 1 Amp yeu plan to pull. This will ensure yeur cells 
are stressed less, will last longer, and won't heat up as much, 
You can make a battery pack to directly run the device, or use 
a step-up beest cenverter to reach the required veltage. 


Lantern Battery 


Is5p h.2v 


I built my E-bike battery to directly output the correct voltage 
my E-bike meter centroller required. Fer my high-powered LED 
Lantern upgrade, i instead put all my cells in parallel to 

give .2@v. I then used a step-un beost circuit frem ebay to 

turn that .2v into 28v to run the LED. Using the boost converter 
te step-up the voltage helped make charging simpler and allowed 
for finer veltage centrel. Step-up circuits waste energy, are 

a pessible failure veint, and cant handle much power, so they 
arent useful when your pnreject uses more than a few watts. 


Once you know the voltage and capacity requirements, yeu can 
decide how many parallel and series cells you need in your pack. 
Remember that connecting cells in parallel adds the capacity, 
and series adds the voltage. 


Here are examples of hew cells could be configured, be sure 
te make sure every parallel pack of cells has a similar capacity. 
It is cemmon to describe the series and parallel configuration in 
a pack by the " sp", for example the E-bike battery i use is 
13sl2p and my laptop has a 3s2p cenfiguration, 


Balance charging and BMS circuits 
If you have cells in series, you need to keep them ballanced. 
Lithium-ion cells have no inherent mechanism to inhibit overcharging 
so the cells can drift in voltage frem each other over time, 
Yeu can menitor each series pack manually or use a BMS (Battery 
Management System) to maintain the cells. 


If cells become unbalanced, they run a risk ef evercharging 
and undercharging, both lead to failure and pessible fire. 
Cells mostly drift from each other ever many charge/discharge 
cycles because every cell (especially used cells) have different 
self-discharge rates and seme are less efficient when converting 
their chemical energy into electricity resulting in waste heat, 


A BMS circuit can easilly be obtained from the internet for 
a reasonable price. Be sure to get a BMS with the correct series 
configuratien for your battery pack. I originally built my E-bike 
battery to be 12 series configuration but had to retrofit it to 
13 series when i had trouble finding a 12s BMS, Be sure the BMS 
you get is also for Lithium-ion or LiPo batteries, LiFePol, BMS 
circuits wont be cempatible with the higher voltage of an 18650, 
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Here is what a 3s BMS would look like when connected up. 
notice how the ballance leads have one more wire than the series 
configuration ef the pack, this is to allow the BMS to "see" all 
the parallel packs. Cells in parallel will naturally ballance 
against each ether, so you enly need to ballance the series cells. 


Structuring the Cells 


Along with electrically connecting the cells together, you 
must alse physically connect them together, If the cells move 
in relation to each ether, the cennectors between them will become 
stressed and possibly fail. 


I built my first large battery packs by simply taping the cells 
together, This worked surprisingly well. the tape has lasted years 
and thousands ef miles. On a newer battery i used a 3D printer te 
make a plastic frame to hold the cells, this has worked well also, 
I believe there are other mounting methods available on the 
internet, but my hememade solutiens have lasted more than expected. 


Making the electrical connectien 


There are two methods i know ef for making the electrical 
connections te the cells. First is simply soldering the cells. 
Be careful not to let the cell get too het when soldering. 

It is best to use a large soldering iron in order te have plenty 
of thermal capacity in the tip. I use a very large 300 watt 
soldering iron from the 1950s fer my cells, The other eption 

is te spot-weld the connections onto the cells. Spet-welding is 
the methed that all manufacturers use, but it can be harder to 
de at heme. If you try spot-welding, use a large capacitor for 
yeur power source net a battery. Using a battery as the seurce 
fer spet welding is tedious and unreliable, with a tendancy 

to damage the cell, 


One practice i have recently started deing is adding a k amp 
PICO fuse te each 18650 cell. When a cell fails, it is likely 
to short-out. I once had a cell short-out in my E-bike battery 
and ceuld have caught my bike on fire. The cell started releasing 
its own stored energy as heat (about 5wh) but it was connected to 
11 other cells in parallel causing those cells to feed more power 
into the shorted cell. The 11 geod cells must have supplied 
something like 50 amps of current to the cell because the thick 
comnecting wire i used had cempletely melted away. The shorted cell 
melted but did not catch fire due to thet. if those connectors hadnt 
melted, my bike would have been burning on the side of the road. 
After this cell failure i realized i couldnt trust the connectors 
to melt whenever a cell failed, so i started putting a small fuse 
in series with each 18650. I feel this is far safer and mere 
reliable than my previous battery packs, I strongly urge anybody 
making a battery pack to put a fuse on each cell. 
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Here are some pictures of when i blew up a Gyroboard (hoverboard) 
and the cells shot around like firewerks. When the cells deflagrate 
they shoot sparks and molten metal, and their contents escape at 
great speed. 


The souree for this guide's information is mestly based off 
my own experiments and experience over the past 5 years, almest 
all ef it is documented on my main YouPube channel "Rinoa Super- 
Genius" if you want a closer loek, — 


